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1

DIAPHRAGM CONSTRUCTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a diaphragm construction
and, more particularly, diaphragm construction that
embodies the structural characteristics of a short, thick

beam.

Diaphragms, according to this invention, provide a
higher pressure, more reliable, more durable and less
costly diaphragm than previously achieved in prior art
diaphragms. In a preferred embodiment, the diaphragm
is constructed of a plug having a channel, tire cord
reinforcement bonded to the plug and secured in the
channel, an elastomer cured onto the tire cord, and a
sleeve bonded to the outer circumferential surface of
the elastomer.

2. Description of the Prior Art

It is known to use diaphragms in conjunction with
pressurized devices, such as pumps. Exemplary of prior
art diaphragms are various well-known fabric-rein-
forced, rubber and metal diaphragms, and seals, such as
disclosed in U.S. Pat. No. 4,327,629 to Frey. Pressure
and piston motion place diaphragm material under ten-
sion. All of these prior art constructions, however, are
almost entirely dependent upon the tensile strength of a
thin membrane to control pressure within a system.

One type of well-known diaphragm is the fabric rein-
forced diaphragm. The center portion of the diaphragm
sits on the piston, while the outer edge of the diaphragm
is clamped to the outer cylindrical housing. As the
piston reciprocates, the center portion of the diaphragm
is successively moved upwardly and downwardly,
thereby convoluting the diaphragm, by alternatively
turning it inside out and back again. The diaphragm
ideally forms a flexible wall between a pumping cham-
ber within the cylindrical housing and the piston. As the
piston moves, it convolutes, and the volume of the
chamber varies. With such a pump, the circumferential
edge of the diaphragm near the rim of the piston experi-
ences significant stress and 1s subject to tearing and
other fluid leakage, permitting working fluid to flow
between the piston and the cylinder and to travel to
other parts beyond the piston.

Fabric-reinforced diaphragms have commonly been
constructed of calendared square woven fabric cut and-
/or cured to a desired diameter and shape. While this
particular diaphragm material has many end uses, espe-
cially in actuators, the diaphragm suffers from the con-
straint that it can only be used in medium to low pres-
sure applications, commonly up to 150 psi.

Some other known diaphragms have been con-
structed of rubber. These diaphragms are molded rub-
ber products that provide a thin rubber “gap”. While
the rubber diaphragm is low in cost, it suffers from the
drawback of being able only to be operated at very low
pressures.

Metal diaphragms have also been developed. These
diaphragms can be used in pressures up to 35,000 psi in
stages for low (metering) quantities. While these high
pressures are desirable in some instances, the cost of
these metal diaphragms, even for a 500-1000 psi low
throughput device, is prohibitively high, commonly,
around $30,000.

A well-known seal is disclosed in U.S. Pat. No.

4,327,629 to Frey. Frey discloses a seal for a cylinder
piston arrangement having an elastic tube member seal-
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ingly engaging the piston and a working chamber. The
tube member stretches and contracts, and the working
chamber varies in volume upon relative movement of

the piston and the cylinder. This seal will operate efti-
ciently as long as the sealing tube does not experience
fatigue. However, generally, the elastomer in the seal-
ing tube will experience fatigue after a relatively small
number of cycles, because the tube i1s under sigmficant

stress and is subject to tearing.

Diaphragms, according to this invention, can operate
at sufficiently high pressures to replace the traditional
piston pumps used in many hydraulic systems. In these
pumps, the working fluid must be finely filtered of con-
taminants (on the order of 10-30 microns) and should be
of a lubricating composition. The working fluid must be
filtered in order to reduce the likelihood that contami-
nants will lodge themselves between moving elements
of the device. The choice of working fluids is thus
greatly limited to mainly petroleum-based liquids. Oth-
erwise, contaminants in the working fluid could ulti-
mately cause either the pump or the entire system to
fail. In many prior art pumps, the mechanical tolerances
between the piston and piston chamber are very small,
in order to achieve acceptable pumping characteristics.
Even if unfiltered contaminants do not cause system-
wide failure, these contaminants may cause undesirable
friction and wear, if they are allowed to get in between
the piston and the chamber, and, thereby, reduce the
efficiency of the pump. Therefore, 1t 1s very advanta-
geous, and for most applications, necessary, to remove
these contaminants.

The filtering process can also have a negative effect
on the pressure realized by the device which the dia-
phragm is used in. Specifically, because the fluid must
pass through a filter which may have entrapped con-
taminants therein, the flow can be impeded and the
resultant pressure of the system is reduced.

In view of the above, it is apparent that the prior art
diaphragms are capable of operating only at a limited
range of pressures, require clean lubricating working
fluid in alternate piston type hydraulic pumps, and can-
not withstand the tremendous number of cycles re-
quired to meet the demands of the marketplace. Also,
the cost becomes prohibitively high in order to meet the
demand for a diaphragm that can operate over an ex-
tended range of pressures and at a large number of
cycles. Finally, because the diaphragms are under such
significant stresses and are subject to tearing and fluid
leakage which permits the working fluid to flow be-
tween the piston and the cylinder, the choice of work-
ing fluids becomes unduly limited. Therefore, it would
be advantageous to develop a low cost diaphragm
which would substantially alleviate significant stresses
on the critical elements of the diaphragm, while operat-
ing over a large range of pressures, and substantially
reduce the deleterious effects which result when the
working fluid leaks between the piston and the cylinder.

It is apparent, from the above, that there exists a need
in the art for a diaphragm which is low cost, can be
operated for a large number of cycles without develop-
ing material failure, and which can be operated over an
extended range of pressures, but which, at the same
time, overcomes the problems in the prior art dia-
phragms.
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SUMMARY OF THE INVENTION

In order to avoid the aforementioned problems asso-
ciated with previous prior art diaphragms, various fluid
handling devices (such as hydraulic pumps) can be
equipped with an improved diaphragm, according to
the present invention, such that the pump comprises (a)
a housing which includes a cylindrical inner surface
closed off at one end with a front wall, (b) a solid cylin-
drical resilient plug encircled by the cylindrical inner
surface, the plug being spaced at a distance from the
front wall, and (c).a cylindrical liner between the plug
and the cylindrical inner surface, the plug being
sealedly bonded to the liner and the liner being sealedly
bonded to the cylindrical inner surface. Between the
plug and the front wall is a pumping chamber into
which and from which fluid flows. Embedded in the
plug is a piston which is reciprocatable along the axis of
the plug.

The improved diaphragm of the present invention
depends upon a construction that allows the diaphragm
to act as a short-thick beam, rather than a thin mem-
brane in tension, as it encounters various forces. The
elastomer between the outer sleeve and the inner plug
of the present diaphragm acts as a beam to counteract
the forces applied thereto. The basis behind the short-
thick beam theory is that the length of the beam is short-
ened and the vertical thickness of the beam is increased,
which results in a beam which deflects only a relatively
small amount, but which is structurally strong enough
to operate over a large number of cycles while being
exposed to an extended range of pressures. Mathemati-
cally speaking, the deflection of the short-thick beam

can be expressed as:

PL4
f - 3 °
6.4EH

where f=the deflection of the beam; P=pressure (psi);
. =length of beam or gap between beam supports (or in
the case of the diaphragm, the distance between the
inner plug and outer sleeve); E=modulus of elasticity;
and h=vertical height of beam (in the case of the dia-
phragm of the present invention, the height of the inner
plug). If 1t 1s assumed that the pressure (P) and the mod-
ules of elasticity (E) are the same between a short-thick
beam diaphragm and a prior art diaphragm, then the
deflection of the beams is proportional to the ratio of
L4/h3,

In prior art diaphragms, the length (L) is typically
greater than the height (h) of the diaphragm. Therefore,
the deflection (f) of a prior art diaphragm is commonly
greater then 1. However, the length (L) of a short-thick
beam may be small, such that, for example, L4 equals
0.0002 inches, while the height (h) of the short-thick
beam may be, for example, 1.5 inches, such that
h3=3.375. Therefore, the ratio of L4/h3 is commonly
much less than one. From the above analysis, it is clear
that if the deflection of the gap in the diaphragm is kept
small and the beam still operates under pressures ap-
plied to prior art diaphragms, this small deflection will
allow the short-thick beam diaphragm to operate over a
much larger number of cycles than prior art dia-
phragms, because the prior art diaphragms will experi-
ence fatigue due to the attenuated deflection.

Also, the short-thick beam diaphragm will be able to
operate over an extended range of pressures because the
prior art diaphragms would fail at higher pressures as
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their deflections would become prohibitively large.
From the above equation, the deflection (f) is propor-
tional to the pressure (P) multiplied by the ratio of L4h?,
assuming E is the same between both diaphragms. In the
prior art diaphragm, as explained above, L4h? is com-
monly greater than 1. Therefore, as P increases, the
deflection (f) increases approximately in a one-to-one
relationship. It is clear that only a certain value of P can
be reached in the prior art diaphragms until the maxi-
mum f is achieved. Conversely, the ratio of L4/h3 for
the short-thick beam diaphragm 1s generally much less
than one. Thus, as P is increased, the deflection (f) only
slightly increases. Therefore, a higher range of pressure
can be utilized with the short-thick beam diaphragm
until the critical f value 1s achieved.

During the operation of the pump, by reciprocating
the piston, the elastomer deforms—the circumferential
surface thereof remaining fixed—to vary the volume of
the pumping chamber and to achieve a pumping action.
Conversely, by forcing fluid into and from the pumping
chamber, the elastomer deforms and the piston recipro-
cates. The embedded portion of the piston is preferably
conical to relieve stress. Because the fluid 1s isolated to
the chamber and no contact occurs with the working
fluid, substantially any unfiltered fluid, water, or even
air or other gases can be employed as a working fluid in
the present pump.

The present invention also combines the advantages
found in a short, thick beam design with other advan-
tages, including durability over a large number of cy-
cles and a low incidence of bonding and/or material
fatigue problems.

This invention fulfills these needs by providing a
diaphragm, comprising: a plug; a reinforcement means
secured to the plug, such that the reinforcement means
and the plug form a base; an elastomer, such that the
elastomer is secured to said base; and a cylindrical me-
tallic sleeve, such that said sleeve encircles said elasto-
mer and saild base, and is secured to said elastomer.

Many of the problems experienced by the prior art
diaphragms, as above described, are overcome or
greatly mitigated by the subject invention. First, this
invention can be operated over an extended range of
pressures, up to 1500 pst or higher. Second, the cost of
this invention is low, as compared to $30,000 for some
prior art diaphragms. Third, this invention can be oper-
ated over a large number of cycles, namely, in excess of
two million to ten million cycles. Finally, this invention
will allow the use of non-petroleum based and/or ‘““un-
clean” working fluids in high-pressure systems, so that
the dangers associated with such fluids, such as combus-
tion, are eliminated.

The preferred system, according to this invention,
offers the combination of the following advantages:
excellent durability; good economy; high strength for
safety; ease of assembly; smooth operation; reduced
operating noise; and good stability. In fact, in many of
the preferred embodiments, these factors of durability
and high strength are optimized to an extent considera-
bly higher than heretofore achieved in prior known
diaphragms.

It 1s a purpose of this invention to fulfill this and other
needs in the art in a manner apparent to the skilled
artisan, once given the following disclosure.
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S
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of the diaphragm
according to the present invention.

FIG. 2 depicts the assembly of the materials used in
the diaphragm according to the present invention.

FIG. 3 1s a sectionalized view of the diaphragm ac-
cording to the present invention.

FIG. 4 is a cross-sectional view of another embodi-
ment of the diaphragm for use in low pressures accord-
ing to the present invention. |

FIG. § is a cross-sectional view of another embodi-
ment of the diaphragm according to the present inven-
tion.

FIG. 6 is a cross-sectional view of another embodi-
ment of the diaphragm for use in an engine according to
the present invention.

FIG. 7 is a cross-sectional view of another embodi-
ment of the diaphragm according to the present inven-
tion.

FIG. 8 is a cross-sectional view of another embodi-
ment of the diaphragm according to the present inven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to FIG. 1, diaphragm 2 according to the
invention is shown. Diaphragm 2 comprises barrier 3,
sleeve 4, elastomer 6, reinforcing/bonding layer 8, and
plugs 10 and 12.

Diaphragm 2 acts as a short-thick beam because the
height (h) 1s significantly greater than the length (L).

Barrier 3 1s, preferably, constructed of natural rubber.
However it can be constructed of Silicon, Viton or
Kalrez, or other resilient material. The exposed surface
of barrier 3 or elastomer 6 can be of any desired shape
to accommodate a desired design objective. Sleeve 4 1s
preferably constructed of aluminum, steel, brass or
bronze. Plugs 10 and 12 are preferably constructed of
machined aluminum bar or precision aluminum cast-
ings. Sleeve 4 is shown here as cylindrical, but it should
be understood that it could also take on other shapes.
Also, steel, brass or reinforced plastic can be used as the
material for plugs 10 and 12. Elastomer 6 is a passenger
tire tread stock. The polymers in this material are pref-
erably 85% natural and 15% synthetic blend rubber
(§BR). However, special applications may require
other polymers. For example, other applications may
use Viton, Silcon, EPDM, peroxide-cured nitrile or a
polyacralate polymer. Layer 8 is, preferably, con-
structed of a calendared passenger tire cord. The rubber
calendared onto the tire cord is a natural rubber com-
pound. The tire cords are of an 8-40-2 construction with
28 ends per inch. Other choices for cord 8 would be to
change cord construction (ends, denier, strands, and
twist), end count, or materials. Some other tire cord
materials that can be utilized are steel and arimid.

As shown in FIG. 2, tire cord layers 8a, 85, 8¢, which
are dipped in a conventional chemical preparation that
aids the bonding process, are bonded to one another and
to plugs 10 and 12, and wrapped over top of plug 12 in
order to provide a durable, stable base 14 upon which
elastomer 6 and sleeve 4 are placed.

When constructing base 14, first, tire cord 8a is
tacked to plug 12. Tails 16a are wrapped underneath
plug 12 and tacked by a bonding adhesive prior to the
compression and curing steps that actually bond the
materials to each other. The preferred bonding adhe-
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manufactured by the Lord Corporation. Second, layer
854 1s tacked to layer 84, such that layer 85 is biased at an
angle, with respect to layer 8a. This biasing provides a
stronger bond between the layers. Tail 165 1s wrapped
underneath plug 12 and tacked to tails 164, and heads
185 are tacked to the top of plug 12. Plug 10 is then
tacked to layer 86 and tail 165, such that channel 20 is
created. Layer 8c is tacked to layer 85, such that layer
8¢ is biased at an angle with respect to layer 86, and
heads 18¢ are tacked to plug 10 and heads 185, in order
to provide a durable base 14. It 1s to be understood that
while three layers 8a, 8b, 8¢ are shown, various numbers
of layers of cord 8a, 86 and 8¢ can be used in order to
meet a variety of customer demands.

After cords 8a, 80 and 8¢ are biased, with respect to
one another, and tacked to plugs 10 and 12, sleeve 4,
which is coated on its interior with the aforementioned
bonding material, i1s placed around base 14. Elastomer 6
1S then compressed into sleeve 4, such that layer 6 be-
comes semi-liquid and flows into sleeve 4 and around
cords 8a, 85 and 8c. This compression causes the elasto-
mers on cords 8¢, 86 and 8¢ to come into intimate
contact, which creates a strong bond between the cords
when cured. Barrier layer 3 is then pressed against
sleeve 4 and elastomer 6. The entire diaphragm 2 is then
heated in any conventional curing press, preferably for
about 45 minutes at 320° F. and at 8 tons of pressure.

FIG. 3 depicts the application of diaphragm 2 1n one
of its many end uses, namely a hydraulic pump 22.
Pump 22 comprises a housing 24 which includes a front
wall 26 and a pump body 28. Pump body 28 i1s hollow
and has a first cylindrical inner surface 30. Encircled by
surface 30 is a cylindrical sleeve 4 which i1s coaxial with
surface 30. Encircled by sleeve 4 is elastomer 6. Elasto-
mer 6 1s a solid cylinder containing layer 8, the outer
circumferential surface of which is sealingly bonded to
the inner periphery of sleeve 4 along the axial length of
sleeve 4. :

Elastomer 6, it is noted, includes resilient layer 32
which 1s positioned axially beyond the edge of sleeve 4.
Sleeve 4 is seated in place by O-ring 34. The outer
annular edge of sleeve 4 1s retained 1n a fixed position in
notch 35, sandwiched between front wall 26 and pump

body 28.
Between elastomer 6 and front wall 26, and spaced

radially inward from O-ring 34, is a space which defines
pumping chamber 36. Fluid enters pumping chamber 36
through inlet 38, and exits through outlet 40.

Referring again to elastomer 6, piston 42 is shown
embedded in plugs 10 and 12. Piston 42 includes head
portion 44. When piston 42 advances, force is applied to
plugs 10 and 12 and elastomer 6. Elastomer 6 acts like an
incompressible fluid and distributes the force to various
locations and in directions which reduce stress on sur-
face bonds. The force of piston 42 causes elastomer 6 to
deform, which decreases the volume of chamber 36 as
piston 42 advances. When piston 42 withdraws, elasto-
mer 6 returns to a position in which the volume of
chamber 42 is increased. ‘

FIG. 3 also clearly depicts one application of the
short-thick beam diaphragm theory. Clearly, the verti-
cal height (h) of diaphragm 2 is substantially larger than
the length (L) of diaphragm 2. The deflections of dia-
phragm 2, as calculated by the aforementioned equa-
tion, should be relatively small. Therefore, diaphragm 2
may operate over a large number of cycles and over an
extended range of pressures.
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The design, as shown in FIGS. 1-3, overcomes many
problems associated with the prior art. For instance,
pump 22 can operate efficiently at pressures up to 2000
psl, whereas not all prior art diaphragms can operate
efficiently at this pressure range. Also, pump 22 can
operate over a range of pressures up to 1500 psi for a
number of cycles that exceed one million. Many prior
art diaphragms cannot withstand this pressure range
over this large number of cycles. |

With reference to FIG. 4, a short-thick beam dia-
phragm for use in low pressure applications will be
described. Diaphragm 47 is comprised of housing 48,
crimp seal 49, elastomer 50, piston 52, and weldments
54. Elastomer 50 is bonded to housing 48. This dia-
phragm construction is designed for use in pressures up
to 150 psi, as opposed to prior art low pressure dia-
phragm which operate only up to 10 psi, and can be
employed as replacements for gear pump or vane pump.
One advantage of diaphragm 47 over prior art dia-
phragms is that diaphragm 47 can be operated over a
large number of cycles, and is also relatively mexpen-
sive.

A gain, low-pressure diaphragm 47 operates under the
short-thick beam diaphragm theory because the length
(L) of diaphragm 47 is slightly smaller than the height
(h) of diaphragm 47, which results in small deflections
of diaphragm 47, if the aforementioned equation 1s ap-
plied. Because the length (L) is only shghtly smaller
than the height (h), diaphragm 47 1s more adversely
affected by changes in pressure than other embodiments
of the present invention, so diaphragm 47 must be lim-
ited to low-pressure applications.

FIG. 5 shows another embodiment of the present
invention. Double-acting diaphragm 60 1s comprised of
sleeve 62, elastomer 63, barrier disk 64, bias plies 66 in
which optional gum strips 67 can be placed, bias plies
68, clamping ring 70, plug 72 and piston 74. Diaphragm
60 is manufactured using the same aforementioned
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method. Elastomer 63 is bonded to sleeve 62, and plies

68 are bonded to plug 72. This embodiment differs from
the embodiment depicted in FIGS. 1-3, in that plies 66
and plies 68 differ as to the angle of their respective bias.
Preferably, plies 68 have a 0° bias and plies 66 can be
any bias angle. This change in the bias provides a more
durable diaphragm. Also, if seal 76 is added to piston 74,
this embodiment will provide twice the amount of
pumping, for example, while subjecting diaphragm 60
to the same amount of stress as diaphragm 2.

Because diaphragm 60 is commonly secured to the
inner cylinder of the chamber of a pump, for example,
the reciprocating motion of plug 72 only occurs 1n elas-
tomer 64 between plies 66 and 68, and between outer
plies 66 and sleeve 62. This is desirable because the
bonds between elastomer 63 and phlies 66 and 68 are
stronger bonds than the cement-to-metal or rubber-to-
cement bonds at the plug interface. The pressure in
elastomer 63 tends to lock the materials together, mak-
ing good bonds in this area even better. Keeping the
piston motion from occurring at the metal-to-elastomer
interface, by subjecting plies 66 and 68 to the motion,
allows the pressure to help the bond strength at the
second and third ply interfaces.

FIG. 6 depicts the use of diaphragm 82 in another
diverse end use, namely, in engine 80. Engine 80 in-
cludes engine housing 81, diaphragm 82, sleeve clamp
83, barrier disk 84, clamp ring 85, elastomer 86, steel
bead ring 87, tire cords 88, and piston 89. Tire cords 88
are preferably constructed of Aramid. Sleeve clamp 83
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8

and clamp ring 85 are preferably constructed of steel.
Barrier disk 84 is provided as a barrier material to pro-
tect diaphragm 82 against adverse temperature and
environmental conditions, and is preferably constructed
of Kalrez. As piston 89 is reciprocated by shaft 90,
piston 89 contacts diaphragm 82. This construction
provides a durable, environment in which piston 80
operates over a large number of cycles.

With reference to FIG. 7, diaphragm 94 is shown 1n
use with drive shaft 108. Diaphragm 94 is comprised of
sleeve 96, elastomer 98, tire cord 100, bead 102 and plug
104. Drive shaft 108 has threaded head 106 which mates
with threaded hole 107 in plug 104. As shaft 108 rotates,
diaphragm 94 deforms within block 110. In prior art
drive shafts, a pin (not shown) must be inserted at the
point where drive shaft 108 contacts plug 104. This pin
1s, commonly, one of the places where the piston experi-
ences material failure because of the high stresses that
are localized on the pin. In order to alleviate this prob-
lem, diaphragm 94 deforms along the sides that contact
block 110, to adjust to the swiveling of drive shaft head
106. Consequently, this embodiment eliminates this
localized failure because the pin has been eliminated.

FIG. 8 depicts another embodiment of the present
invention. Diaphragm 120 is comprised of sleeve 122,
elastomer 124, tire cord 126, ring beads 128, plug 130
and block 132. Ring beads 128 are preferably con-
structed of steel. In one particular application of dia-
phragm 120, diaphragm 120 could be placed on the end
of the drive shaft, in order to provide a thermal barrier
along the shaft. It is also to be understood that sleeve
122 can be omitted, and that materials such as Teflon,
Vespel or nylon could be used in block 132 to provide
a primary thermal barrier. Also, block 132 could be
made of rubber to provide shock and twist absorption
from axial misalignment, axial angle alignment or
torque loads. Therefore, diaphragm 120 can be em-
ployed in many diverse applications without specialized
diaphragms having to be constructed, an advantage
which cannot be said of previous prior art diaphragms.

As can be seen in FIGS. 5-8, the length (L) of the
respective diaphragms is less than (and in some cases
significantly less than) the height (h) of the respective
diaphragms. Therefore, the deflections of these short-
thick beam diaphragms is relatively small, which allows
these short-thick beam diaphragms to be operated at
higher pressures and over an extended range of pres-
sures.

With respect to the various diaphragms depicted in
FIGS. 1-8, while their construction may have been
referenced to a particular end use, such as for use in a
pump, it is to be understood that these various dia-
phragms can be employed in many diverse areas. These
include, but are not limited to, applications in a displace-
ment pump, a COMpPressor, a vacuum pump, a motor or
numerous other related applications, such as process
control valves, air pressure regulators, liquid dispensing
equipment, valve positioners, automatic choke controls,
distributor vacuum advance mechanisms, irrigation
valves, aircraft environmental controls, belt guide actu-
ators, truck brake actuators, automotive emission con-
trols, geothermal pumps, automatic door locks, tank
truck valves, water conditioning valves, pneumatic
relays, dancer roll actuators, industrial brakes, expan-
sion chambers, automatic transmission modulators,
pressure switches, flow control valves, fire sprinkler
alarms, domestic hot water regulators, waste gate actua-
tors, fuel pressure controls, vacuum switches, pressure
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transducers, vacuum regulators, gauge isolators, and
linear actuators.

As evidence of the applicability of the diaphragms in
FIGS. 1-8, in many diverse areas, the inventor deter-
mined, in one particular application, that the various
diaphragms in FIGS. 1-8 can replace conventional
actuators, pumps and accumulators in a power steering
system. In this system, because the short-thick beam
diaphragm is being employed, no seals are needed.
Hence, the system is closed. Also, because the dia-
phragms are less expensive, than the prior art devices
they replaced, the entire system becomes less expensive.
Finally, because the diaphragm would allow the system
designer to use a smaller pump and still maintain the
same pumping characteristics as conventional pumps,
the power requirements of the entire system are re-

duced.
To provide even stronger evidence of the superior

performance of the short-thick beam diaphragm, a test
was performed on diaphragm samples as depicted 1n
FIG. 1, and is described below as

EXAMPLE 1

The test stand parameters were:

0.100 in piston travel

2 I.D. specimen cavity

3.4 HP motor

550 RPM at start - 400 RPM after motor repair.

Top assembly height adjustable to control pre-stress

on diaphragm.

The test stand produced a cyclic pressure for each revo-
lution, with the maximum being controlled by the
amount of pressure added by a hand pump. In most
cases, a cycle pressure was recorded at the end of the
test by stopping the motor, opening the valve to the
gauge, keeping the valve to the hand pump closed, and
manually rotating the shaft through one revolution
while recording the minimum and maximum pressures.
A successful test was defined as one that passed
1,000,000 cycles, with at least 200 psi minimum, 1650 psi
maximum for a nominal 1500 psi cycle, with no visible
signs of failure when sectioned. The test results of the
four diaphragm samples (#1,#2,#3, #4) tested yielded
the following results:

#1—1,020,000 cycles at 1500 plus psi.

#2-—1,020,000 cycles at 2000 plus psi..

#3—312,000 cycles at 3000 plus psi (test discontin-

ued).

#4—10,000,000 cycles at 1500 plus psi.

Tests 1, 2 and 4 passed the minimum test, with test 3
being inapplicable because it was discontinued with no
failure. Of even greater importance is the fact that the
four samples combined operated at various pressures
and at over 12.0 million cycles without any failure of
the diaphragm construction.

Once given the above disclosure, many other fea-
tures, modifications and improvements will become
apparent to the skilled artisan. Such features, modifica-
tions and improvements are, therefore, considered to be
a part of this invention, the scope of which 1s to be
determined by the following claims.

I claim:

1. A diaphragm, comprising;:

a plug means having an upper and lower plug that

define a channel therebetween; and

a bonding layer secured to said plug means to form a

base said bonding layer also being received and
retained in said channel between said upper and

lower plugs.
2. A diaphragm, according to claim 1, wherein:
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said bonding layer further comprises tire cord.

3. A diaphragm, comprising:

a plug means having an upper and a lower plug that
define a channel therebetween;

a bonding layer secured to said plug means to form a
base, said bonding layer also being received and
retained in said channel between said upper and
lower plugs;

a resilient material secured to said base; and

a cylindrical sleeve that encircles said resilient mate-
rial and said base, and is secured to said resilient
material.

4. A diaphragm, according to claim 3, wherein:

said bonding layer is further comprised of calendared
tire cords.

5. A diaphragm, according to claim 4, wherein:

said tire cords are layers, such that the top layer is
bonded to the adjacent layer. |

6. A diaphragm, according to claim 4, wherein:

said reinforcing means comprises at least three layers
of tire cord.

7. A diaphragm, according to claim §, wherein:

said layers of tire cords are biased with respect to one
another.

8. A diaphragm, according to claim 3, wherein:

said bonding layer and said sleeve are secured by a
bonding adhesive.

9. A diaphragm, according to claim 3, wherein:

said plug further comprises an aperture therein.

10. A diaphragm, according to claim 3, wherein:

said resilient material is an elastomer comprised of
natural and synthetic blend rubber.

11. A diaphragm, according to claim 4, wherein:

said reinforcement means is wrapped around a bear
ring.

12. A diaphragm, according to claim 3, further com-

prising:

a barrier material is located adjacent said plug.

13. A fluid-handling device, comprising:

a housing which includes a front wall and a cylindri-
cal inner surface closed off at one end by said front
wall;

an elongated resilient diaphragm encircled by said
cylindrical inner surface, such that said diaphragm
is spaced away from said front wall, wherein said
diaphragm is comprised of a plug, a tire cord bond-
ing layer, an elastomer and a cylindrical sleeve;

means for attaching said diaphragm to said cylindri-
cal inner surface;

a reciprocating means having a head portion which 1s
embedded in said diaphragm;

wherein said diaphragm and said front wall define a
chamber therebetween, a fluid inlet to said cham-
ber being defined in said housing; and

wherein said diaphragm deforms to vary the volume
of said chamber responsive to axial reciprocation of
said reciprocating means.

14. A device according to claim 13, wherein:

said plug is further comprised of an upper and a lower
plug, such that said plugs define a channel therebe-
tween.

15. A device, according to claim 13, wherein:

said bonding layer and said sheet are secured to said
plug and said elastomer, respectively, by bonding
adhesive. |

16. A device according

ing:

a barrier member positioned between said elastomer

and said front wall.
x k  k Kk kK

to claim 13, further compris-
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